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Radiation curable abrasion resistant cyclic ether aery] ate coating composition. 



I The present invention relates, to a novel coating composition containing amino-organofurictional 
sQanes. multifunctional acryiatss, cyclic ether achates and colloidal silica. This coating composi&tn 
may be applied to solid substrates and cured by exposure to ultraviolet light or electron beam radiation 
to form a substantially clear, abrasion resistant layer. 
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RADIATION CURABLE ABRASION RESISTANT CYCLIC ETHER ACRYLATE COATING 

COMPOSITION 

T>is Invention i relates to a radiation curable protective coating composition. More speedy, It relates to 
a coating composition containing amino-organofunctional silanes, cyclic ether acrylates. multifunctfortal acrv- 
S C ° no J dal saica " Wrten a PP'^ to * substrate and radiation cured, this composition forms a protect^ 
abras.on^ resistant, weather resent ultraviolet fight resistant, transparent coating firmly held thereon. In addn 

^SSSL'TTT WmPM *° n may * tinl6d "^dyd- Current markets for such coating are 
well established and will expand as the abrasion resistance and WBatherabiity of these coatings is improved 
Amincwsrgenohjnctionei silanes have been Incorporated into coating compositions that are used as adh^ 

mEZZT T^? 7"* bUt neVer before has coI,oidal sitfca been ^ded to formulations which con- 
fa n arnxnc^ganorunctional silanes and cyclic effier achates. U.S. Patent No. 4,603,085 and assigned to Dai 
N.ppon lnsa*u K rC ; Shln-Etsa Kagaka Kogyo K. K, both of Japan, discloses silicone compound ^ by 
*m?K^ **** 3 ^pound by Michael addition 

2 col™ ' ? aSSi9ned to D ° W C ° min9 Co ^ oration - w« discloses 
«™r JIT P rrade by reactma a pnmary or secondary amino-organofunctional srlane with a multjfunc- 
tlonal acryl compound by Michael addition. The uniqueness of the present invention is found in that it firing 

p|£S ***** wfth "to*" si)ica 10 * e,d a transparent abrasion resistant coating with 

^inrlZl^^ ****** ™* n «™ to provide an abrasion resistant coating composition which uses 
amino^rganofunctional silanes and cyclic ether acrylates. 

Another object of the present invention is to provide a abrasion resistant coating Composition in which 
aqueous and/or organic dispersions of colloidal silica may be used m wl * c " 

sniirff * " i T 6 " 110 " fS to provide 30 hn P rovBd a ^i°n resistant coating composition for 
solid substrates which is curable by either electron beam or ultraviolet light radiation. 

^,^1 oihBrobjecls 316 accomplished herein by a radiation curable coating composition comprising* 
(A) at least one multifunctional aeryiate monomer ; comprising. 



(B) an amino-organofunctional sDane madffled aeryiate ; and 

(C) colloidal silica, wherein (B) corrprises the reaction product of 
(i) an amlnQKsrganoTunctional silane having the formula 

90 (iij a cydic ether aeryiate having the formula 



$5 



CH 2 =C-C'0-R 3 -CH-CH2 



and 

" leasl me "™"Wn«ional aeryiate monomer* said opponent (A), wherein : 

monovalent hydrocarbon radical having i to 6 carbon atoms • 

' ele< tl frDm ^ e S 7*" > CDnsisSn 9 tfhydrogen. a monovalent hydrocarbon radical and R^NrWCrW 
« ^imBgsrirom 1 to 3 ; R> is hydrogen orsmcnovatent hydrocarbon radical ; ^^ )o " 
* " dwalent Hy*o==n»n radicals having 1 to 10 carbon atoms ; optionally contarnino one or 

R» ia hydrogen or a monovalent hydrocarbon radical having 1 to B carbon atoms 
mSZETt * tWS . n ° V !! ?° mpos '* ion """P-*"* « least one acrylaie monomerwhlch contains two or 

^^-""^u^asoOrnponentfA)^; ^ 

1 ,64iexanediol dracrylate, 
i.^utant^dioi diaeryiate. 
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ethylene glycol diacrylate. 

{Methylene glycol diacrylate, 

tetra ethylene glycol diacrylate, 

uipropylene glycol diacrylate. 
5 neopentyl glycol diacrytate, 

1,4-butanedbl diroethacrylate, 

polyfbutanediol) dlaeryiate, 

tetra ethylene glycol dimethaerylate, 

1.3- butyl en e glycol diacrytate, 
10 triethylene glycol dlacrylate, 

triisopropylene glycol dlacrylate, 

polyethylene glycol diacrylate, 

bisphenol A dimethacrytate, 

triacrytates of the formulas ; 
is trimethylolpropane triaeryjate, 

trimetnylotpropane mmethacrviate, 

pentaerythritol monohydroxy triacrylate, 

trirnethylol propane triethoxy triacxylate, 

tetraacrytates of the formulas ; 
20 pentaerythritol teiraaerylate, 

di-trimethylolpropane tetraacetate. 

pentaacryfates of the formulas ; 

di pentaerythritol (monohydroxy) pentaaerylate. These multifunctional acrylate monomers are commercially 
available from Aid rich Chemical Company, Inc., Milwaukee, Wisconsin. 
25 The second component of this composition (B) comprises the reaction product of 

(I) an amino-organofunction^l stlane having the formula 

R?NH-R*-Si-(OR')3 
(fi) a cyclic ether acrylate having the formula 



so 



35 



CkL. = C- C^0-R S - CH- CH2 
U W 

ir o 



and 

(ifi) at least one multifunctional acrylate monomer of said component (A), wherein FJ is a monovalent hyd- 
rocarbon radical having 1 to 6 carton atoms. R 2 is selected from the group consisting of hydrogen, a mono- 
valent hydrocarbon radical and R^NH-fCHi),,,, where m is an integer from 1 to 3 ; R* is hydrogen or a 
■« monovalent hydrocarbon radical. R» and R 5 are d nr&Jent hydrocarbon radicals having 1 to 1 0 carbon atoms; 

optionally containing one or mono ether oxygen atoms within aliphatic segments thereof and opGonally con- 
taining one or more functional substituents. The exact nature of the organic portions of R* and R 5 are not 
critical to the operabDfty of this invention. R» is hydrogen or a monovalent hydrocarbon radical having 1 to 
6 carbon atoms. 

45 The amino-organofu notional sllanas used in this invention can be any of those known in the art which have 

prkrtary and secondary amine functionality. These compounds can be prepared by methods well-known in the 
artand many are ccfTtmeraally available. Some preferred amino-organofunctionaJ siianas useable es (3) of com- 
ponent (B) include : 

so NK2^irTOmyV3-ejr«iapro 

N^-^inr^myt^n^noprop^)tiiethoxyeaan6 

3-Hinlnopropyttriathoxysllane 

3-ami nopmpvHrimethoxysilane 

aniDnopropyltrimethoxysil ane. 
55 These preferred amlno-org a nofu notional salaries are commercially available from Petrarch Systems Inc. Bris- 
tol. PA. ' ' 

Some preferred eydie ether acrytates useable as (ii) of component (B) include : 

glycidylacrylate 
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glycidylmethacrylste 

These cyclic ether acfyJates are commercially available finm Aldrich Chemical Company, inc., Milwaukee, WJ. 

The amirto-organofuncBona) silane modified acrylate compounds of this invention can be prepared by int'K 
mately mixing an amino-organofunctronal silane compound having at least one primary amine or secondary 
s amine group with a cyclic ether acrytete as described in pi) a nd a multifunctional acrylate monomer as described 
m (iii). The combination of amines and acryiates produces an acrylate functional compound through a reaction 
generally known as the Michael addition. For example, in the mixture containing (0, (u) and (iii), a primary or 
secondary amine functionality of the amino-organofunctional silane undergoes a Michael addition to one or 
more of the double bonds of the acrylares. The resulting product is referred toes an amino^rganoiunctianal 
10 silane modified acrylate. 

Applicant have found that the preferred temperature conditions forthis reaction exist between room tem- 
perature and 100*C. Moreover, best results are obtained when the reactants remain in contact for at least six 
hours at room temperature. Heating the mixture increases the rate of the reaction and as the temperature of 
the reaction is increased, the loss of acrylate functionality due to free radical Initiated chain reactions also 
15 increases. Thus at temperatures above 100"C. considerable loss of the acrylate functionality may occur. 

The third component (C) of this composition comprises silica in the form of a colloidal dispersion. Colloidal 
silica is a dispersion of submicron-sized silica (SIQJ particles in an aqueous or other solvent medium. The col- 
loidal silicas used in this compos fro n are dispersions of aqueous and organic based colloidal sniea. Colloidal 
silica is available in acid or basic form. Either form may be utilized. Some preferred examples of colloidal silica 
20 usable as component(C) include : Nalco 1034A colloidal siIjca(Nalco1034A),Naico 1129 colloidal silica (NaJco 
1129), Nairn 2327 colloidal silica (Natco 2327), Nalco 2326 colloidal silica (Nalco 2326). Nalco 1140 colloidal 
silica (Nalco 1140) and Nalco 84SS25S colloidal silica (Nalco S4SS25B), which can be obtained from Nalco 
Chemical Company, Napervffle, IL. 

Nelco 1034A has ? mean partide size of 20 nm and an SrOj content of approximately 34% by weight in 
25 water with a pH of approximately 3.1 , Nalco 1 129 has a mean particle size of 20nm and an SiO a content of 
approximately 30% by weight in a solution of 40% isopmpanol and 30% water. Nalco 2327 has a mean particle 
size of 20nm and an Si0 2 content of approximately 40% by weight in water with a pH of approximately 9.3 and 
ammonium as the stabilizing ion, Nalco 2326 has amean particle size of 5nm arid an SfO^ content of approxim- 
ately 14.5% byweight in water with a pH of approximately 9.0 and ammonium as the stabilizing ion. Nalco 1140 
so has a mean partide size of I5nm and an Sipj content of approximately 40% by weight in water with a pH of 
approximately 9,7 end sodium as the stabiizing ion. Nalco 8459258 has a mean partide size of 2Qnm and an 
SiOj content of approximately 30% by weight in a solution of propoxyethanol. 

Other addltfves can be added to the compositions in order to enhance the usefulness of the coatings. For 
example, leveling agents, ultraviolet light absorbers, hindered amine light stabilizers (HALS), oxygen inhibitors, 
as dyes and the like, can be induded herein. AD of these additives and the use thereof are well Known in the art 
and do not require extensive discussions. Therefore, only a Med number will be referred to, it being under- 
stood that any of these compounds can be used es long as they do not deleteriously effect either the radiation 
curing or the transparency of the coating. 

A particularly des*ebfe additive has been found to be a small amount of a leveling agent Leveling agents 
40 can be used on the substrate? to cover surface irrealities and to aid in the uniform dispersion of the coating 
composition. These agents are especially useful in compositions where all the solvent has been removed. For 
purposes of the present invention, the addition of 0.01 to 5.0 percent commercial silicone glycol leveling agents, 
work well to provide the coating composition with desirable flowout and wetting properties. 

Also useful as additives to the present coating compositions are UV absorbers and hindered amine right 
45 stabilizers. UV absorbers and hindered amine light stabtBzera ad to diminish the harmful effects of UVradiafion 
on the final cured product and thereby enhance the weatherabllty or resistance to cracking, yellowing and 
delamnation of the coating, A preferred hindered amine light stabDfeer is bis(1 A2.6,6-pemamethyPH>iperidi- 
n^33^is(1,1^imethyiethyl^riyaro available as Tinuvin ™ 144, from 

CJBA-GEIGY Corporation. Hawthorne, NY. 
so For the purpose of the present compositions, the following UV absorbers and combinations thereof in corv 
centrations of less than 20 weight percent based on the total composition, have been shewn to produce desJ- 
raw© results: bis{1,2A6,^entameth^ (1,1-dimethyiethyJ 

1^ydiroxypheriyf)mett^ 2^ythexy*-2^no^^'^pheriylacryiate f 2^raxvW-ri- 

oetoxybertzc^n^ pQry(Qxy^1 T 2^anedr/).alpha-r3-P-(2H- 
35 benzntrfmol^)^^ and (r> ^ 

and M&40, sold by BASF Wyandotte Inc, Panappany, NJ. Concentrations of UV absorbers, however, in the 
range of 1 to 5 percent based on the total weight of the composition are preferred. 

ifiuorpaiaiiitg L»V absorbers into the hsiani compositions wui permit uie curing process regaruess of 
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whether UV or electron beam radiation is used to curs the compos Won. However, in the situation where UV 
radiation ts to be used to cure the composition, the amount of UV absorbers added must be carefully controlled 
so as not to hinder the cure. This limitation does not exist in the esse of electron beam radiation cure. 

bi the practice of the present invention, the radiation curable compositions can be made by combining the 

s cyclic ether acryJates and multifunctional acrylate monomers, with a given quantity of alcohol. Suitable alcohols, 
for example, Include any water soluble or water miscibla alcohol, far example, methanol, ethanot. propanol, 
butanot, etc. or ether sJcohols, such as ethoxyethanof. butoxyethanoJ, methoxypro parol, etc For purposes of 
the present invention, applicants prefer to use is opro panel. The amino-organofunctional saane is added drop- 
wise to the mixture while agitation is applied. The mixture is then left to stand for a sufficient period of time to 

10 allow the Michael Addition to take place. A small amount of an organic acid may, option ally, be added to the 
mixture. Suitable organic acids indude. for example, acetic acid, propionic add and benzoic acid. etc. The col- 
loidal silica is then added while agitation is applied to the mixture. After allowing the mixture to stand for a period 
Of time, the volatles may optionally be removed under reduced pressure and/or the mixture may, be filtered, 
[n the case where solvents have been removed, acrylate monomers may be added to the residue to serve as 

is reactive diluents. 

According to the coating process of the present invention, the above described compositions are coated 
on a substrate using conventional coating techniques modified as appropriate to the particular substrate. For 
example, these compositions can be applied to a variety of solid substrates by methods such as roller coating, 
flow coating, dip coating, spin coating, spray coating and curtain coating. These various methods of coating 
2d allow the compositions to be placed on the substrate at variable thicknesses thus allowing a wider range of 
use of the compositions. Coating thicknesses may vary, but for improved abrasion resistance coating thicknes- 
ses of 2-25 microns, preferably about 5 microns, are recommended. 

The compositions may then be cured by either ultraviolet tight or electron beam radiation. Ultraviolet light 
may be used to cure the compositions if one or more photoinitiators is added prior to curing. Radrcaj-type 
25 initiators can be utilized alone, but employing a combination of radical and eationlc photoinitiators results m 
improved abrasion resistance. The radical-type photoinitiators are used to cure the acryloxy portions of the 
composition whereas the cationic-type initiators cure the epoxy portions. There are no special restrictions on 
the photoinitiators as long as they can generate radicals by the absorption of optical energy. 

Ultraviolet light sensitive photoinitiators or blends of initiators which may be used in the UV cure of the pre- 
so sent composition include 2-hydroxy-2-methyM -phenyLpropan-1 -one (DarocurW 1 173). sold by EM Industries, 
Inc., Hawthorne, New York and ime thory-2- phenyl -a cetyi-phe none (Irgacure TO 651), sold by Ciba-Geigy 
Corporation, Hawthorne, New York. In addition, cationic-type photoinitiators including onium salts may be used 
alone or in conjunction with the radical-type photoinitiators. The foDowing cationic photoinitiators are particularly 
effective for initiating a cross-linking reaction upon exposure to radiation : Cyracure <*> UVI 6974 and UVJ 6990, 
35 sold by Union Carbide Corporation, Danbury, CT. 

It Is ordinarily preferable to use approximately five percent, based on solids, of at least one photoinitiator. 
however, depending upon Individual desired process parameters such as rate of cure and ultimate abrasion 
resistance, the amount of the phototnttiator or combinations of photoinitiators can range -from approximately 
0.5 to 10.0 percent based on the total weight of the composroon. 
<Q Oxygen inhibitors, which are materials used in conjunction with photoinitiators that increase their efficiency, 
may also be added. An example of a preferred oxygen inhibitor is 2^thyIhexyt^ara^merliylaminobenzoate, 
available as Uvatone <*> 8303, from The Upjohn Company, North Haven, CT. 

Alternatively, the coating composition may be electron beam radiation cured. Electron beam sources of 
various types such as van de Graaff-type, resonance transformer-type, linear-type, dynatmn-type and high fre- 
*5 quency-type can be used as a source of electron beam. Electron beam having energy of mam 50 to 1000 KeV, 
preferably from 100 to 300 KeV discharged therefrom, may be irradiated in a dose of from 0.1 to 10.0 Mega 
Rads (MR). A particularly preferred source of electron beam is one wherein a continuous curtain-like beam is 
Irradiated from linear filaments, such as that produced by the Electro Curtain CB-150 avaiable from Energy 
Sciences Inc. 

60 By choice of the properfomiulation and application conditions including the optional use ofa leveling agent, 

the compositions can be applied and wfll adhere to substantially all solid substrates. Substrates which are espe- 
cially contemplated herein are transparent and nontransparent plastics and metals. More particularly, these 
plastics am synthetic organic polymeric substrates such as acrylic polymers like poly(methylmeihacryiate) ; 
polyesters, such as por/(emyiene tereph thai ate), poiy(butytena tore ph thai ate), etc ; poiyarnides : polylmides; 

55 acryion^e-sivrene copolymers ; styrene^acrylQnMe-^tadjena copolymers ; polyvinyl chloride ; butyrates i 
polyethylene ; polyolefins and the like including modifications thereof. The compositions of this Invention are 
especially useful as transparent coatings for polycarbonates such es poiy(bispheno!-A carbonate) and those 
polycarbonates known as Lexan (*). sold by General Electric Company, Schenectady, New York ; and as coat- 
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^JSllT ? '"jTfWn^^tos. Metel subatrat es on whioh the present compositions are also 
a 1L ™1 ^ n9 ^i!" " mBtals " ke and ""S" 1 •"■""tad surfaces )ite sputtered 

Thespparatusand testing procedures used far the results shown herein ara as follows : 

„. J^jT^J f*™?™* Oe'enrtn^ according to ASTW Method D-1044 (Tabor TesT). The Instrument 

eacS o^b S^hl^ 503 T8t,erAbraSer «"» 250 ^iary weights^ gr^SSE 
each of the csiOFatanw wheels. The acrylic and polycarbonate test panels were subjected tolOO m no 

^^^■^^ percent ^ in haze whfch is the Peritenon for determWng 
9 * <letem " nBd 6 >" neasurin 9 Terence in hazeof the unerased and 

^J^f CSCa,tetins - lntw »™»»4 wlynghtfluxthatdeviates more than 2.5 degrees on 
D10oTa &1»H^ ? " e te2a - ™° ^ haze 0n "» ^ '"ermined 

S^l^irT , W3S The 11226 was calculated by measuring the amount of diffused light 
<fiv.d,ngby the amount or transmitted light and multiplying by one hundred "usecngnt. 

«J^ B T **■ meas !" t * " y m0dified AS ™"^3002 (Crossmatch adhesion). The coated test specimen is 

M ^Lt™^ th K reUSn 0,6 lofomsseries <* teaman are^f o^uant 

inch with lines to form 1/10 men squares, Ctearcellophane tape (3M Na 600 preferred) is asolled teih,^^ 

the^rfa«ThZ^ a /w COndlJOtB<) 35 T ° l,OWS = A ^ inch 0,0000 *•*«■- was W ter 

the faee of a 24 ox. hammer and was secured with a rubber band. Coated samole blanks were ^JElvJZZ 

Th= Pencil Test is meant to be a qualitative method of determining scratch resistance of acoatina.A 

irom the operator) and pushed away from the operator in a ftt -i . ^ 

ihr* h=,nrio^ i-.e.j -i » "^raiar in a (6.5-rnrri) stroke. The process is started with 

(3mm) ,s reported acco*,ng to the following scale from Berol Corporation. Brentwood, m: 

softer - - harder 

SB, SB, 4B, 3B, 2B, B, HB, F, H, 2H, 3H, 4H, 5H. 6H,7H,8H,9H 

wr^bveryZd-ThaBcraS^^ theSHgrade 
whtehfeverysX ^ HB 9rad6 " nd SB ' P">9™»ive|y softer through me SB grade 

..wing "^Z w^ a 0 ,s beter r "r^"" how to pracace °» 1 *• **■ 

examples are " a^ bas^ " * "" y 01 «P-*»»d Percentages in the 

Exampte 1 

ure was then allowed to stand far ia^, ~ kJL!_ >. - t^ 9, whBe me ""W"" 3 underwent aoitaBon. The mixt- 
was flow caateZto ^tCyca^r^ nt^^n™ 6 ^ <hr ° U9h ^^^-^fftered sample 
cured by electron tea^ Tunde^K^^, £ to air 4y for five minutes. The campl, was then 

inchwWeele^n^ o^^J, ^^'; bE " s P^«f 68f e etperminul. und er as « 

PPm oxygen. The ^t^m^S le S r n " naro9en atm ° aphere mrt3,nin9 200 
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i Example 2 

J A mixture of 1 .06 g of 3-aminopropvltrirnethoxysiiane, 0.77 g of glyeidylaerylate, 51.46 g of isopropanol and 

I 4.30 g of trimethoyl props neMacryiate was prepared. This mixture was allowed to stand for 24 hours. Next, 11>24 

] s q of Nal co 1034 A was added while the mixture underwent agitation. The mixture was then allowed to stand for 

l 18 hours, before being filtered through a five micron filter. The filtered sample was flow coated onto 8 4 x 4 

I polycarbonate panel and allowed to air dry for five minutes. The sample was then cured by electron beam under 

j 4 MR. IfiOKeV electron dose at a belt speed of 68 feet per minute under a six Inch wide electron beam operated 

> with a 4 miDiamp electron current in a nitrogen atmosphere containing 200 pom oxygen. The test results are 

10 summarized in Table L 

* Example 3 

* — — 

| A mixture of 1 .08 g of 3-aminopropyltrirnethoxysilane, 0-77 g of glyeidylaerylate, 51.46 g of feooropanol and 

f is 4.38 g of trimemoylpropaneiriacrylate was prepared. This mbcture was allowed to stand for 24 hours. Next, 11,24 

£ g of Nalco 1034A was added while the mixture underwent aghabon. The mixture was then allowed to stand for 

: 18 hours, before 0.3 g of Uvinul <R> D-50, sold by BASF Wyandotte Inc., Parsippany, NJ. and 0.2 g of Tinuvin 

144 TO, from Ciba-Geigy Corporation, Hawthorne, NY., were added. This mbcture was filtered through a five 

micron filter before being flow coated onto a 4 x 4 polycarbonate panel and allowed to air dry for five minutes. 
2D The sample was then cured by electron beam under 4MR, IGDKeV electron dose at a belt speed of 6B feet per 

minute under a six inch wide electron beam operated with a 4 mMiamp electron current in a nitrogen atmosphere 

containing 200 ppm oxygen. The test results are summarized in Table I. 



Example 4 



■j 35 



A mixture of 1 .08 g of 3-aminopropyllrimethoxysi)ane, 0.77 g of glyeidylaerylate. Si .46 g of isopropanoJ and 
\ 4.38gof trimethoylpropanetriacrylatewas prepared. This mbcture was allowed to stand for 2d hours. Next 11.24 

| g of Nalco 1 034A was added while the mbcture underwent agitation. The mixture was then allowed to stand for 

1 1 B hours, before 0.1 g of methytdiethanolamine, 0.4 g of 2-hy d roxy-2-m emyl-1 -phenyl -pro pan- 1 -one (Darocur 

J so W 1173), sold by EM Industries, Inc., Hawthorne, New York and 0.1 g of Cyracure <w UVT-6974. sold by Union 

Carbide Corporation, D anbury, CT.. was added. This mixture was flow coated onto 34x4 polycarbonate panel, 
which was allowed to air dry for 5 minutes. The ooated polycarbonate sample was then UV cured by passing 
the sample through a medium pressure mercury vapor arc lamp with an average intensity of 91.56 mW/cm 2 at 
a line speed of three feet per minute. The test results are summarized in Table I. 



as 



Examples 



A mixture of 1.08 g of 3-a7nmopTOpyltnVnethoxysflane. 0.77 g of gh/ddylacryiate, 51.46 g of isopropanol and 
4.38 g of trimethcylpropanetriaerylate was prepared. This mixture was allowed to stand for24 hours. Next, 11 .24 

40 g of Nalco 1 034 A was added while the mixture underwent agitation. This mixture was allowed to stand for 1 8 
hours, before being vacuum stripped at 40°C. and 2mm Hg , on a rotoevaporator until all volatiles were removed. 
The sample was then flow coated onto a 4 x 4 polycarbonate panel and electron beam cured under 4MR, 
1 eOKcV electron dose at a belt speed of 68 feet per minute under a six inch wide electron beam operated with 
a 4 rnDliarnp electron current in a nitrogen atmosphere containing 200 ppm oxygen. The test results are sum- 

45 marized In Table L 



so 



55 



Received from < 651 251 2251 > at 5/1/02 4:47:04 PM [Eastern Daylight Time] 



05/01/2002 15:53 FAI 651 251 7251 



DAVID R CLEVELAND, P,A. 



J018/021 



CP 0 437 327 A2 



TABLE I 
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of Coated Polycarbonate 




Coating Coiiposvtions 


ADHESION STEEL 
TEST WOOL 


PENCIL 
TEST 


ABRASION TEST 


10 


Example 1 


100% 2 


HB 


1.5 


7.5 




Example l 


230% 2 


6 


2.0 


8.2 




Example 3 


1003 1 


B 


14.8 


24,1 


15 


Example 4 


100% 1 


B 


0.6 


2.5 




Example 5 


10QS 1 


B 


0.4 


3.0 



ZQ 



25 



^ snanes • ^ eB,er a °V ,ates a"" wllohlal silica may be easily manufe^ 

Many vanations will si^gest themselves to those skilled In this art in light of the above detailed d«^nim„ 
All such 0 bv, 0U8 modifcauo™ are w^,, ^ full intBnde(J ^ rf me ^endi^S 
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Claims 
1 



A radiation curable coating composition comprising : 

(A) at least one multifunctional acrylate monomer ; 

(B) an ammo-organ ofu notional siiane modified acryiate - 
and ' 

(C) colloidal sfiica, 

wherein (B) comprises the reaction product of 

(■) an aminD-organafunctional silane having the tormuJa 

(ii) a cydic ether ac/yJate naving the formula 



45 



R O 



and 

W at least one multifunctional ecrytate monomer of said component (A), wherein - 

* fe a monovalent hydrocarbon radical having 1 to e carbon atarT ' 
Ru selected from the group consisting of hydrogen, a rnonovalent hydrocarbon radical and rsjjh. 

* R J"? hydrocarbon radicals havlno 1 to 10 carbon atoms • o^nX anWintoo „„„ 

R« is hydrogen or a monovalent hydrocarbon radical havirg 1 to 6 carbon atoms. 

2. A composition as daimed in daim 1 ^hfch aurally contains one or more UV absorber hindered a™* 
«ym tu^iimi. phoiriroiiazoi* and/or oxygen mmi***. ' hindered amine 
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: 3. The product obtained by the cure of the composition of claim 1 . 

_; 4. A process for preparing a radiation curable coating composition containing airrino-organofunctional sUanes 

- and cyclic ether ecrylates comprising : 

5 (I) combining 

\i , (A) an amino-organoftinctionel silane having the formula 

R 2 NH-R*-Si-(OR') 3 

j (B) a cyclic ether acrylate having thB formula 



10 



15 



1 3 
OLj=C-C-0-fr-CH-CH2 

R b O 



and 

(C) aft least one multifunctional acrylate monomer, and thereafter 
(ID adding 

so (D) colloidal silica to the reaction product of (I), wherein : 

R 1 Is a monovalent hydrocarbon radical having 1 to 6 carbon atoms ; 

R 2 is selected from the group consisting of hydrogen, a monovalent hydrocarbon radical and R^NH- 
(CHjk, where m is an integer from 1 to 3 ; R? is hydrogen or a monovalent hydrocarbon radical : 
R* and R5 are divalent hydrocarbon radicals having 1 to 10 carbon atoms ; optionally containing one 
25 or more ether oxygen atoms within aliphaDc segmsnts thereof and optionally containing one or more 

functional substituents ; 

R 6 is hydrogen or a monovalent hydrocarbon radical having 1 to G carbon atoms. 
5. A solid substrate having at least one surface coated with the cured composition of daim 1. 

30 
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© Radiation curabie abrasion distant cyclic ether acrylate coating composition. 

® The present invention relates to a novel coat* 
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andeured by exposure to ultraviolet light or 
electron beam radiation to form a substantially 
dear, abrasion resistant layer 



Received from < 651 251 2251 > at5/1/02 4:47:04 PM [Eastern Daylight Time] 



05/01/2002 15:53 FAX 651 251™1 



DAVID R CLEVELAND . P. A. 



3021/021 



J) 



EP 0 437 227 A3 



European Pat Em 

Office EUROPEAN SEARCH REPORT 



Oo * 0D - *r»**-^-^ss5: 



WO-A-8 2DD 295 (CHUNG) 

ciISN- line9 "^9 ( ,t„ eZ7; 

US-A^4 455 205 (OLSON) 
Tne whole document « 



Aden* 
to diua 



1-5 
1-5 

1-5 



EP 91 3D 0066 



CLASSIFICATION Or THE 
APPLICATION ntLnSjT 



C 09 D 4/00 



SEARCHED Ok. CL5) 
C 09 D 



>i-ct«f " — . 



z 

3 



TH= HAGUE 

CVTtCOHv OP CITED X>OCUMEVTS 
' iJWft Millies r|)i i hi hil 



01-0S-X991 



i 



ANDRI01L0 6.R, 



P ! dMri i. lb* nppBeMte,, 

LniWoH dm ftr QTbcr^S 



Received from < 651 251 2251 > at 5/1102 4:47:04 PM [Eastern Daylight Time] 



